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and synthetic biology. Haloarchaeal promoter is indispensable for both fundamental and
applied research on halophilic archaea. In this paper, we first described the structure and
functions of archaeal promoter in transcription. Then, we summarized and discussed the
research achievements in haloarchaeal promoter from the following three aspects: the methods
for studying promoter, the constitutive and inducible haloarchaeal promoters reported so far,
and their applications. The challenges and future research focusing on mining, designing,
developing, and optimizing haloarchaeal promoter were also prospected.

Keywords: halophilic archaea; promoters; inducible promoters; constitutive promoters
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feooty, A RNA RABHRG . 256 FIT
UG%E S —BOEERUF 91 ansR 1 s, 20T i
RO IC AR -10 X (TATA £)F1-35 X, B
A M R 3 F A% 0o f3h TATA & (TATA
box), #%[HF I1IB (transcription factor IIB,
TFIIB) iR %l JC {4 (TFIIB recognition element,
BRE)®ILL M #4 F- 0 (initiator, INR)™®, 40 i3
B+ 5 EAZAE W) IE A R 45 A REAE A [W) T
AHE

5 EAZAMLS S5 AR, T RS 3l S
{5 TATA & 5% 5% FF B (transcription factor B,
TEB) Ui e (BRE)FIEE IR T~ (INR) (& 1,
F 1), TATA && & AT L, —MfFREH %
SEAHR T A7 25-30 bp &b, HESEE LG TR
TATA #5454 % (TATA-binding protein, TBP)i}
BIHLEATOD) TATA GX 465 rRNA | tRNA LA
L by 2 1B DR A S IR Rl B, L2
P S B F s M R e s N R, BRE &
ErUERy  E AT TATA & Bif, ©N% T TFB
SRS TR RS G W TR A i
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Basic transcription machines of Bacteria, Archaea and Eukarya

Table 1
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Target products T Shunt pathway‘
PR products
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Reconstruction of metabolic pathway

Structure and function of archaeal promoter in transcription and applications of haloarchaeal

Features Bacteria

Archaea

Eukarya

Core promoter elements —10 and —35 elements

RNA polymerase One type, low subunit
complexity
General transcriptional ~ with or without ¢ factor

factors

TATA box, BRE, and INR

One type, highly homologous with
RNAP II, high subunit complexity
TBP, TFB, and TFE

TATA box, BRE, and INR

Three types (RNAP I, II, and III),
high subunit complexity

TFIIB, TFIID, TFIIE, TFIIF, and
TFIIH (RNAP II)

12 HEMERVSESEREREIE

Wk 1 FoR, H R LA 5 AR A Y
ARRL, R EEA R SR A B AR R 2 (L 1.2)
DNA {K#i ) RNA 24 M (RNA polymerase,
RNAP) F1 3% fitl % 5% [Fl T (general transcription
factor, GTF), 1M RNAP i@ %3 10-13 4
WA, 2 RER AL S) S HAZAEY) RNAP E
SR B RENY 5w WA B GTF 4046 TBP 5
TFB, HIX M¥54HF E (transcription factor E,
TFE), 15355 HAZ A ¥ TBP. TFIB LK
TFIIE, 2 3 31 138 43 17 41 [R] R 710

W SR IGI, Bel TBP iRBIF4s 5
TATA £, 285 TFB RIREE AR w45 & TATA & -
¥/ BRE J¥41], 25 TATA & Ni#vHIH
fih, DALCARE RS 5510 . TFB 5 BRE M EAEM,
455 RNAP, JE A TBP-TFB-RNAP #% 5t Fiie i
BEY. WG, HatfEZett DNA itk FIFg.
Hg k55 F(TFA. TFE. TFF #1 TFH %)%47
5 RNAP J DNA W fifsE BATE U EH , W0 TFE
i3 DNA Ff#IEFT RNAP B4 s, JE
TG G, HiEstietn . 5 AR SR A7
AR, B ALETE O S R rp e R

http://journals.im.ac.cn/actamicrocn



526

XU Yang et al. | Acta Microbiologica Sinica, 2023, 63(2)

(e SEIR Tl ATP /KRR AERE L, e LRk
P — sl fE %5 5% 7 TFITH Y DNA f# g
R T 2 ATP /KA,

ZE LR, WS sh R | SRR LR
T SRt i 5 A 0 L v AR L B
(LR, vy A 3 SR -5 200 T 2R L ) 506 I S B3 T
G SR TR e, W R ST O T
SEPR B SRR SE , AN I8 7~ ol TR G S 4E AL
il Pt B A B AR , T ELX PR AL R B
TE P 4 3 R 45 e 5 A T B2 A9 R g ik e AL
HEEPITRME.

2 RBETHRNER T ERLE
R G EH B TR A

TEJR BT A5, B BRI % 2 A
FhE S LA . DNA (MRS F RNA-seq ([
D), ENSHTREIFREME . B3 .00
PHE5E . B8l F ik id R
2.1 REERZE

12 A5 e PR 12— T F 0 R PRI i v M A 3R
ROKPRYH DT, HADRE, B0, R
TERE R SRR R B D B T 21U 3 1
J& 0 A R iR B BV AT P e R AR
SRS . ARV P, W AR R A
& bgaH . pyrE2. dhfr 5 gfp VAFPIENA .

bgaH FEFH Holmes 55 MFA A PR & £h 14
(Haloferax alicantei, Hfx. alicantei)it) 51 H 43
BHOREY ) Z LN g -l LB R, WK
TOAEW) 5-1R-4-5-3-15] Wk~ B-D- L i~ FLBE T
(X-gal) I oy 2 ZUBE A B () BT 5-T8 -4-15E
W o BRIMARBIBNFI T bgaH 1E s JE A 458
T Pun TEIRIKE R (Haloferax volcanii, Hfx.
volcanii)F AL ETHPERC S T3 A1 BN ER A8 ShAT
W (Halobacterium halobium, Hbt. halobium)" &
BT [ s EAT A0 A S 3l RS R IR A S
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31, IFFI bgaH it SRR B E A THE R
(Escherichia coli, E. coli) Fl [ 1 B
(Saccharomyces cerevisiae, S. cerevisiae)FH#BEA
Je B I RERT WEER T TR AT R AUE DNA 55 8 HF2
PR EAEAE 9 AL ) EE &2 7 91 (intergenic
repeat, IR)***1. i, Dyall-Smith 255/ bgaH
et RGEMNR K BB AT BAT I8 s i R,

pyrE BE DR G 15 L E IR W IR A% M 5 % Tl
(orotate phosphoribosyltransferase, OPRT), ffift
FUHRAE I 5-BEIR-FLIE R IR, 25 IRWENE
B A=W 1. Hfx. volcanii B 587K ApyrE2 J& IR
W E B SR R P BL AR, K52 iUE 3 1S 8 pyrE2
BRI ORIEFE N ApyrE2 W, TEAN T PR WEE () 35
FrAErp SR I AR I AR KORRAE IS 3 7 1976
B2 Lund FIBNTERISESE B Hfx. volcanii W6,
BIRFRUR N P BITEYERS, [ T
bgaH F pyrE2 WAFF B 4R 5 FE R R G RE
PEFIE SOFSE T IZA sh RS, IR T Py, B
BB A RIS ERY ) [FE, AR R pyrE2
WA FERING T P FE Hfx. volcanii H X0 2 R
5 0 P D e

dhfr 3 H gt — A M B2 4 i B (dihy drofolate
reductase, DHFR), 7EM K — SR id ik H
AR E R R R PY L B AR
(trimethoprim, TMP)J& DHFR %)% P4 i 71,
MR AR . e i 335 DHFR B,
FPRXT TMP AT 52 P4, BN 52 F2 i S ML
DHFR {33k i S IEAH SR, Danner #1 Soppa
RIS B Hfx. volcanii W) dhfir £ 445 L, 8
X Hfx. volcanii X TMP (T2 A2EE, %€ T
£ 5 i ¥ W (Halobacterium  salinarium, Hbt.
salinarium) B 8% 58 8 LR B+ (Prae) IO B
LTCHF TATA 57,

gfp K gm A5 2% 8 9% 06 B 1 (green
fluorescent protein, GFP), K A4k ZF|\V L& %
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YeIKBE(Adequorea victoria, A. victoria)i) gfp J&fx
H AR BB B WL ARSI B TG 5 R
PR, WA e O i s . GFP 2
FZSOERE S GFP BRIREMIEN, Jrfie
S RAEIE B R EE L WEER TR P AR AR
A 218 % 45, 2¢O 28 [ (soluble modified
red-shifted GFP, smRS-GFP)ff M # L HEH, 2748
E PRSP A RS R, Ol K i
TR ARSHER FT/ER AR smRS-GFP
VEE R GE, it iEf GFP 2GR i %
7€ B M A i & Eh T (Haloferaxmediterranei, Hfx.
mediterranei)¥ Pyyar Jo ST BNREAE F T,
2.2 DNA FE5IE

DNA TFEF e AR BEDLES Bk, Baf
TE KL D 2H RS B SRR A8 250 T Y ik PR 3R A L
P41 Lund H BATE Hfx. volcanii Wil b i% 45 AR
fiiE T2 O RIE R R S P, H ﬁﬁi?
JA B FAERE R ST P AR B Tz e RN A
SAEE T E R BAFERF ST Hfx. mediterranei 'h 25
RO 125 118 Tl P2 s T e AT DR RS ) 2 P 5 75
lif 22 4% (phosphoenolpyruvate phosphotransferase
system, PTS), | ] DNA 18 ¥ 51) 43 B 7 32 46 1
TSR I ) PR 2 S R IR TR
GIpR J& PTS RS EH Z WA H 1,
2.3 RNA-seq %

RNA-seq & — P 5L T 55 —AQ 8 = I 31
B R HT)rk. AL DNA fRES):

*2 MERHEREEREBTRESE

RNA-seq T ) RNA FE 5L /D, JETHEAHR P Fh
PSR AFIUNE NS, HAARIEGESE. fE
wabEs . BRI ELAT, 225 RNA-seq
(differential RNA sequencing, dRNA-seq) /7 1]
DI 1 65 0 BE DX ) e i R 67 o S 5P AR RRIRIX
(5’ untranslated region, 5'UTR)F41*" Soppa
A BAF]F dRNA-seq 7K 1 45 5030 Hfx.
volcanii MWL SR, JE0E T e sk AR 5% i
BT ST AL SRAR Y S'UTR SR, %UFH
dRNA-seq JIr15- 3| 5% sk 2 B K 2R B

A, ZBIBANTE IS 28 TAE (] RNA-seq ﬁYZEl—
— M TR SRR R,

3 BRnETEMNARARNT

HWMBR BT RARTEZ R s bl T, 2
1B IR A AL TEE , A2 R AAE B
FIPET . MR R, CAHRIE T A3E P
Pohar~ Pracs Pigm VASL Prpyrsre TEIN Y 5 FZH RIS
21 (3 2).

3.1 amyH BENF Pumpn

>k BV LA R & W (Haloarcula hispanica,
Har. hispanica)W] P A ST amyH (Gt
a-VERBR SR, A B FTE Hfx. volcanii Fl E.
coli FIEATTEMEP N, Py SR 2 T H I
AAE S ST RS SRR oo, R T
A B TAERE S AR A B R R EAT S 3
FIEHERIHLHIY . BRI AR BIBAIE T Py FEE T

Table 2 Constitutive promoters from haloarchaea and their features

Promoter Species Features Reference

Pomyrr Har. hispanica Active in both Har. hispanica and E. coli [53-54]

Ppiar Hfx. mediterranei P,nar 1s repressed by PhaR, and a strong and constitutive [43]
promoter is obtained by deleting its cis-regulatory region

P Hfx. mediterranei A constitutive and strong promoter [55]

P, and Hfx. mediterranei and Ism overlaps with rpl137e, and P,,;37. is located in the ORF of  [56-59]

Prpiis7e Hfx. volcanii Ism. Py, initiates the co-transcription of /sm and rpll137e, while

P,,1137. only initiates the transcription of 7pl137e

http://journals.im.ac.cn/actamicrocn
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Hfx. volcanii Fl E. coli WIZEMRFIBHEAIK pAT, X
ST Hfx. volcanii Il E. coli FARST 2 AT fE
FROL T AR T PO,
3.2 phaR BENF Ppuar

VEZ A RS A 5T, B
A G i A WAl [ AE SRR PHA FORE S, PHA
TEML N LUK AT | 31X — i R 52 3™ 4 1) 1
$:160-61] - phaR & Hfx. mediterranei 125 PHA
ARG FRIE V5 . phaR JEHFUEURL
S EAGEIEN phaP HFE—NEET P
AT 5%, PhaR L5 P45 A0 phaR 1
phaP (e s A SCHE R r 7 P A3 2o W B
Poar SR BT ITHEE P A, H ks Sy — k2
JBYJE B, FF T R TR AR Mk A
[EIANSF AR, E DR R IR BT P B2
48 Hfx. mediterranei Wk I, BI5R FARLL
AR RS THRMA R, [,
HATTRH Ponar Ji 81 FTE Hfx. volcanii th 71318
>k H Hfx. mediterranei W, NIGLEMizH
B VARSI FRAIE T RTRE O, sah, ]
WH G 81 735 T mini-CRISPR Z5#, 4
STE Har. hispanica #1 Hfx. mediterranei H 7.
T AL SE DR G T HLL B CRISPRi T2
3.3 fdx BENT Pun

Sk B Hbt. salinarum A £ & W
(Haloarcula marismortui, Har. marismortui) )k
AT M Fdx LA[2Fe-2S PR AR Gy, g
BB RITE &I U A e SRR OP DR AR ELE |, SO
ZhF Py, 0T T T8 2h s shag D
Gregor Fll Pfeifer 7EWF5Y Hbt. salinarum W3 8+
P.s. P,u 5 Hfx. mediterranei IR 81T Poeq 5
R LR, R P MK B Hfx. alicantei 1) Ppgan
VERRT RIS B, P TEFE BUWIE Pk 3 e e
Pogar T 3 4™ gupA Ji shFTERRE AT M e 1)
Born 5 Pfeifer i il Pp, JA 2l F Bl T 2GE 5 1Y
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R B R SN gfp MRS E HERRTY AR SCHE
H AR NF WG 3h 7 Pu SEB T Har.
marismortui ' PhaC & [ 114 35, 1€ T PhaC
J& PHA {3 — R
3.4 Pm F0 Prpizze

Sm FIZ& Sm (Lsm)#&E 1S 541 IE+ RNA /Y
AR T, fEE T B R M 20 T
Ha 760 Lsm 2K 1 4 i 356 PH 3 5 -5 A% W A 26 1
i3 rpl37e M AP B E &Y. 7 Hf
mediterranei F Hfx. volcanii H', Ism 5 H T ijif
) rpl37e TE, rpl37e WA ENT Pz 1 Ism )
FERL EHEF o 3 BT Py, 8 H IR Lsm FI
rpl37e WIFLEE SR T Pys7. RATHRLG rpl37e 1)
gk, XARUET rpl37e 8 IR K,

4 HRABHT

B BR300 R sl PR 2 25 S
TS S, 78 A R Bh 1 91 B — et
TR AR HOCF ) DNA P8, ik 40 i
A0 a2 L YA 5 DT T s o T i R R 1
o HEHAT, BEEECRIE T 6 MRS
T, ZHAARERERES SRR E A
(gas vesicle protein, gvp)JEH A ahF . BT H
BT Phops ZARMESHH 2RI ST %
AP Pr, A BN T ZWEECHE KB
. ZEARE TN P88 FEGER 3).

4.1 gvp EEBEF

T REEL B (AN Hbt. salinarium R Hfx.
mediterraned) YA b IR LN, XL i
SBt i 2R 1 5T, AT LUE el A ) 3 1 B oK
Pyl SRTERI I T ANy, AR
s AE AR B B A A S e A DX 43
MR B 14 4> gvp FEH S gL B AR
WRTERL, ENTL 2 N EEHEFERIE R (gypACNO J
gvpDEFGHIJKLM)H S i HES 76 3L R 4l U7,
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*3 CHRENERGTHIFFEBIHTHRIREM S

Table 3 Reported inducible promoters from haloarchaea and their features

Promoter Species Inducer Features Reference
Promoters of gvp Hfx. mediterranei Carbohydrates/ P, initiates the expression of GvpD and [77-89]
Hbt. salinarium Oxygen/Salinity GvpE, while GvpE enhances the activity
of Ppand Py
P> and Pjg,s Hbt. salinarium Heat The expression of downstream genes is [90-91]
highly induced at high temperature
(50 C)
Poiprppins Pragkis Prrs,  Hfx. volcanii Fructose Poiprps and Pk, are repressed by GIpR - [92-93]

etc. Hfx. mediterranei

ancB’ anz‘,Da ancEA, fo volcanii
ancF > and ancR

Py Hbt. halobium Hypoxia/Light

P, Hbt. salinarium Phosphorus

Piap Hbt. salinarium K"

| Hfx. volcanii Tryptophan

Pasanc Hfx. mediterranei Nitrogen starvation

Xylose and arabinose

when glycerol is used as the sole carbon
source; this repression is relieved in the
presence of fructose or glucose; GIpR
activates Pprg

XacR functions as the activator of P,,.p, [94-95]
P.ueps> Praces> and P, and the repressor

of Pz, respectively

Py, 1s activated by Bat upon exposure to  [96-98]

hypoxia or light
P, is about 10 times stronger than P,,,;  [99]
under excess phosphorus conditions,

while P,,;; is about 10 times stronger than

P, under phosphorus limitation

Py 1s repressed by high concentration of  [100-102]
K+

Tryptophan is an efficient and stringent [33]
inducer of P,,,

Lrp/AsnC are potential transcriptional
factors involved in regulating nas4BC

transcription

[103-104]

o, Hfx. mediterranei ffEH—¥E 1) 14 >
gvp BEH, #ifiv 4N me-vac, ﬂﬁ Hbt. salinarium
ein 2/\5%')_] B9 14 14> gvp BEH, 50T Y
PRI KGR |, B4 c-vac 'ﬁ p-vac™l,
A 5% 360 0 T B 32 BB L AR ER Wk B 04 52 i)
S PR R, BEE RS SR I 2
RN MR FE RO I, Hfx. mediterranei W
SRR A FCE R /D s MERASNET, W
RN Z SRR, gvp BEINAYHE SOKPRER T
10 1%

Hbt. salinarium 1 p-vac ) 14 /> gvp F&H h
AN JA8ITF Py Pp. Pe Ml Po A TEHESE, 1M Hbt.
salinarium 1) c-vac # Hfx. mediterranei ') mc-vac
(1) 14 4~ gvp L P, A P B BTG S (] 2)1™,
1E p-vac 1, {GPEmRIRAY P, 7157 GvpA Fl GvpC

(#3555 Py 51 5% GvpD Hl GvpE M%K%, GvpE
J& Pp Ml Py (5L SRIE 104 GypD il 5
GvpE JE U414 GvpE ZE A% Pp Fl P,y e 5%
T L LA UABER AT R, PRl Py
A% GvpD Hl GvpE fyia#", P, 5 Py sh ¥
U A5 A AR — B b Ui TS ¥ 4 (upstream
activating sequence, UAS, UAS, #1 UASp), GvpE
Wil UAS, il UAS, 256G S Py il P, HYF:
M. p-vac A me-vac f) UAS, 5 UAS, f71E
W EETY, HZ#HE4 P, 5 PpiYy BRE JC
%, Btk GvpE &l 455 UAS, 5 UAS, [A]
1SR Pyt Py HOTEIESL. T c-vac 19 UAS,
PpEIZ[EFE T 22 nt, XATREFEC T GvpE Al LA
WiE PN E, TITCIESR c-vac H Pp M TE M
(&l 2),

http://journals.im.ac.cn/actamicrocn
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A C N O

P, P,
p-vac - P -
P, b p
c-vac/me-vac < : >
Ppyy
c-vac /—\ p-vac/me-vac /.\ /\.
: P, 22 nt P, T p, P,
UAS, UAS, AS, UAS,

|
m—Q®

|
KO

2 mec-vac, p-vac # c-vac EEFHEFDH gvp BEK Pp 5 P, B F IR E(82)])
Figure 2 gvp genes and the transcriptional regulation of Pp and P, (modified from [82]).

4.2 ERIFESFBINT Py T Pugs

PR T 1y 25 A = el i A A Y AR
PRI, Bl 58 e 1 AR ) FAR S 2 1 G
RN G T E gk BRZ Z R E RS
U018 o g T TR P R T A PR T R
HEG 807, WA S IRIE 0 ¢b2. cctl | hsps
2 B T AR S 1Y espD2 Ja #0010 100

Hfx. volcanii "h &8 Z M Gmhb5s sk K1Y 1fb
BERBSEE b ofb2 TR 5K E AR S 1
PP 60 CiES 15 min, b2 ) mRNA K
PEE T 845, XU ofb2 B9H% .05 817 5 #i)
IR o A SCAE I AE A BATE % AT Hbr.
salinarum BARTEIEIN hsp5 HIPGHE S5 ML
il B0, 1% 3 PR 2L 1) Py 19 BRE HI TATA
SRS MMER BRE L7751 fIZE AR TATA
GNP AR UR B 1 B S ARG S T
B EL Y. DNA S5 AR, KA
Halobacterium W] TFBb Fl1% B Haloferax )
TFB2 4[5 Ppys FEFPELS S HUE T hsp5 W

<l actamicro@im.ac.cn, 010-64807516

s, FLAERAIS 60 0 e A F T s 5 s Pk
s, MIMSCEL T hsps WA RIRIN, X5 TAE
SRyt R e S DRl 4 S P 5 e iy R PR 3R
AR T A HCY,
43 FEREHBEXERBT

S EL T R AT AR T 2 R, S
M RO R . AHERULT BREDS, H
volcanii WZFNibECH#ASZ 2] GIpR E K
W, LENRE T HA BE- M-8R
(helix-turn-helix, HTH)Z5#4 3% DeoR 145 &
KN o W3 AR L N xac 1A Bl W) A7 31 5%
SR F XacR [REE

GlpR 25 1] Hfx. volcanii W45 % F1
SR A S L R 55 50 Hix. volcanii 17
ZE R ACI ) CA m D SE IR kdgK 1 F pfkB
[5G 5%, o3 0 2 M EUR B 5 . GIpR J2 pfkB
il kdgK 1 Y% ME T, glpR F pfkB 1%% sk i
6] — 3 B Popprpma i 311, GIpR I IL 5 Pypr_pis
S5G1H glpR F pfkB (A% 5% o 2 LR ) SRA
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AL F-1-P, F-1-P J& GIpR (R PERC A,
WAL ZE S GlpR T HY Py s HISE 5 BE 185
fi BT glpR-pfkB | fba 55 A BEACFE R e SR iy
P, e 2R A S SE R A A SRR, ek
HW A W SCR F o Hc. mediterranei 1) GlpR JE b
WEBREE ALl R G 3L IR 5 PTS 335 930G IR 71471,
WS HHES Pers A s TP B4 S R4 5 S0 B0
XP PTS BRI AYE . BT, SFbiis B A H
B PTS JERFER glpR-fruK 9\ F55 5 K1Y
FRERIR, MAERAER AglpR h, X—FFH
RIHEK

Hfx. volcanii S 53 fiff 8 45 5k D] 7 6 4%
xacF. xacB. xacD Fl xacEA, EATHFRIEZIE
W) D-ABESE L-BTHAHEY5 S, XacR & Fid
FEFE SIS, H xacR B9, JET
IcIR ¥ e F R, XacR [l 23
H S G5 xacR WIBHIE o xacR HEH5E 5%
BRI OLAHTE & AT B[ SCF 412 XacR AYRHE
AL, OWERT LLE K LA XacR RN A S 456
DL#BR XacR X xacR AT, DAY FJE AH G I
(5 s DA EA T ARG
44 WEAEBEEBINT Py

A% A ) Y P T R AN A IR SR AL
(bacteriorhodopsin, BR)H bop FE[H 4f, JEFEER
T B IR S TR, bop FITEREA
FEINALEE bat. brp R bip FE[H, Hp bat FE[H 95
fidh— s AR FH B, 3% B SRR R AR
+, TEAR AR 0 B i BE A bop (%% 5%
Bat & [ WY 2R BE BR 5 1 A 1 09 05 IR TR
(cGMP-regulated phosphodiesterases, PDEs), fff2
¥ IR F 1R 21 Ak 1 (Anabaena adenylyl cyclases,
ACs), E. coli ¥ %1% FhlA (transcription
activator FhlA, GAF) RN e (-5 F a2
& -Sim & H (period

hydrocarbon

clock protein-aryl

receptor-single minded protein,

Per-ARNT-Sim, PAS)/PAS #H % H) C K ¥
(PAS-associated C-terminal, PAC)ZE #3853 51 H
Tman G SAEMNE, L HTH P 71515 bop
JE BT BRI A A AT, i i DNA
(14 R M E L5 1 LA S BN bop 3 S D,

45 HEEAHEXEEBITF

ABC #4325 5 W)Wk R % 12 7 ¢ (phosphate
transport system, PST)/&—Fi X} B HA =26 F1 7]
RIS R, FTTRBR M A i
Hbt. salinarium WIS HIA Sz RZGe0) 2 1
PO\ F(pst] F1 pst2), ¥I R+ FEREA
T, pst] BT HA 2 DRI
(transcription start site, TSS) TSS-1 5 1SS-2, #
MRZ WA 4:1, TELBEREEFRFMT, L6
K 3] TSS-1 1E Jy ke A IR0 o pst2 AR
HA— AN SR IR A A o LA TSS-1 i IR 7 Ay
pst] FERALLL TSS-2 el (v st (15 A< B
PERCR S K, TERRBESRIET, pstl R sk
AAERIC R L R R v R T B A 3R g
pst BRI\ T HO5E S EH Py BRSSP WA 1 1A
FEIUHY A AT &AL 7 5)(ATATATA), #F% N
P&, ERERE P WML Z ),

Hbt. salinarium [} 5E K 41 G i ATP 458114 1)
R KR RS Kdp, ZRASMEH
KdpFABC F ATPase, 53l th 45+ 3 X kdpFABC
5 kdpQ Yt . FEINFE kdpFABCQ VIFAA 2 I
F mRNA JE A 5 100N Py, 13 Bl
W& B KR TR M REAL, ke
P 1 S8 EE RT3 010 50 £ . Kixmiiller 55 Greie
FIFH Prap X BER U E S5 2, W T2 K7
WEF R EARB RS,

4.6 ZTEIEFSIH P

TEVFZ AT, CEPR G R orp 385
Z RN AG AR . FE Hfx. volcanii W, 2R G I
WA SEBE T rpCBA 5 trpDFEG2 D JE IR FE 4
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BT FRIB S 5 i A A S S S 2h Ik 8, 78
RV FE T B e AT TR st k1), tna
J& Hfx. volcanii W) {82 FR I (tryptophanase)Z
MIH, ZEARiGRRED, P E— AR
RIBACHIL, HEew R =805 SR 8+,
TE Hfx. volcanii W] SEEUIER A5 22 3k
Ko A FIYR T P, t ] B S R
A5 R . Lund BIBAATE Hfx. volcanii T A
P BT cot] SR IS BOE LN A bk, b
R T THAREN CCT1 RYIhRED,
4.7 FHEEENIF S Puasasc

Hfx. mediterranei 1) fii iR 34 J5L i (nitrate
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nasB. nasC MIRBNT Pyaupc JA ShILHE S, B 5%
12 B RR 815 S UL, Pastor-Soler 25 i F B-
EFUBETT R i S, XS Poasasc S 30
T I 8 SRR S R 45 5 X, RS
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5 BRAHEATHNA

51 B#HREAERE
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P Eaifebnss, X i T Rk, AR A F 4l
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TEXS K D RE R AR NG "2 5 b, 5
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J5 5 1] % b 5 B JE PRI 357K F- .- Aharonowitz
B BNFEXT Hf. volcanii W y-43 2 W61 I 24 PR i 2
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PRFEICY R R T yGC, i E T Hfx.
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5.3 RiGEREN
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ATEHLL R LM Crtl, [ ALL R = A

5o AL, 2 T RS A9 Hx. mediterranei
PR TR 35O & B b R vl T 40 i nT LL AR
(119.25+0.55) mg HHLL

6 BZ

it s vty AT O AR R SR IT, R T
WEER T RIS TR S HOR WA R T AR Y
7E, A TEGRARAEY, v w e 81
AT TR BB B, BoA BRI K i
2] o ARV AR R A A2 R 5 A W 2 S
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